Abstract The total quality index (TQI) 
Introduction
Initially developed in manufacturing, total quality management (TQM) has become a widespread movement in health care (Burda, 1988) . As the economy became increasingly service oriented, issues of quality and productivity began to spread to the service sector. However, the productivity of service workers has not kept pace with the increasing investment in technology in this sector (Roach, 1991) . Also, global competition and deregulation potentially threaten the future of service organizations (Orr et al., 2001) . As a result, organizations in this sector have turned to TQM for tools to help them to be competitive. Several issues including the need to contain rising costs, the growth of for-pro®t health care, and advances in medical information systems have contributed to the rapid adoption of TQM in health care (Berwick, 1989; Brashier et al., 1996) .
Health maintenance organizations (HMOs) were among the ®rst health care organizations to join the total quality management movement (Berwick, 1987) .
The HMOs' adoption of TQM was driven primarily by cost containment because they operate on a ®xed fee basis. These programs focused on measuring quality, but not improving it. They experimented with non-traditional forms of measurement and unrestricted access to information and records. Although these early forms of quality management did not look like TQM, they incorporated some of the essential principles, such as being data driven and focusing on processes rather than on individuals. However, these early attempts at quality management programs did provide a foundation for the acceptance of other models including TQM and benchmarking.
There have been many successful applications of manufacturing techniques in health care (Albert et al., 1990; Berwick, 1991; Buterbaugh, 1992) , and the health care industry has adopted the quality models for manufacturing (Burda, 1988) . Furthermore, the Joint Commission on Accreditation of Healthcare Organizations has encouraged the implementation of quality improvement programs for all health care organizations. However, the basic question is ªCan the tools of modern quality improvement, with which other industries have achieved breakthroughs in performance, help in health care as well?º (Berwick et al., 1990) .
Recently, there has been a growing body of work critically examining the usefulness of TQM in health care. The industry had dif®culties when applying TQM programs from other sectors. Some problems are encountered in viewing the patient as a client. An objective of TQM is meeting customer needs. Typically, patients do not know what is best for them medically. Should health care providers give patients what they want or what they need? There is also a clash between the organizational models of TQM and health care. Many hospital workers are members of professional groups. Reporting lines are complex and not always direct. For example, physicians often are not employees of a hospital, and they answer to a medical board that is separate from the administrative staff. Furthermore, physicians may be reluctant to participate in a TQM program because of their training. Fried (1992) explains how physicians are not trained to be team players as TQM encourages. They are trained to make decisions independently and rely on their own judgment. Also, there is skepticism about TQM because of its perceived relationship to quality assurance. Quality assurance is seen as regulation imposed from outside with its bad apple approach to quality assessment causing distrust (Fried, 1992) . Brashier et al. (1996) observed ªMany resent the fact that outsiders' are trying to tell them how to do their jobs. They are not factory workers . . . and cannot be managed as such.º
There is also the perception that TQM is becoming a fad in health care management. The area has become fragmented with consultants emphasizing those areas that represent their own strengths. There are a number of ªpoorly trained consultants in the market selling programs with little chance of BIJ 10,6 workingº (Burda, 1991) . In addition, the cost-effectiveness of these programs is an issue because signi®cant amounts are invested in training and consultants while speci®c problems are not being addressed.
The model and its objectives
There is a large body of literature on multi-criteria modeling and problem solving using gap analysis. Pounds (1969) gave a general description of a problem situation as a difference between some existing situation and some desired situation. Most descriptions or de®nitions begin with a difference or gap between the present situation and the desired situation (Bartee, 1973; MacCrimmon and Taylor, 1976; Reitman, 1964) called the ideal situation in this study. In terms of organizations, Cyert and March (1963) describe a problem as a difference between actual performance and ideal performance. Here, the problem gap is one involving differences between actual and ideal performance measures. For Kiesler and Sproull (1982) , a manager's recognition of a problem involves a comparison of environmental stimuli with internal aspiration criteria.
Quality management involves the recognition of such a gap. This gap is the discrepancy between the signals that managers receive from the environment on various aspects of the quality management process and their own idea of what the process should be. Benson et al. (1991) have used the phrases actual quality management and ideal quality management to describe these two states of quality management. Ideal quality management is described as a business unit manager's beliefs concerning what quality management should be in the business unit, while actual quality management is described as the manager's perceptions of the current practice of quality management in the unit (Benson et al., 1991) .
There are two generally accepted behavioral approaches to quality management. First, Deming's (1982) Theory D offers 14 managerial prescriptions and proscriptions describing general ways that managers should act and what they should do to improve individual and team performance, job organization, and managing external groups. Second, the less popular organizational behavior modi®cation (O.B.Mod.) approach (Luthans and Kreitner, 1985) is a behavioral approach to performance improvement grounded in the work of Skinner (1938 Skinner ( , 1966 . While both approaches share the same end, the difference between them is their level of speci®city (Redmon and Dickinson, 1987) . Theory D is more of an organization-wide approach to cultural changes, while O.B.Mod. focuses on altering simple behaviors of individuals within organizations. Recently, there have been efforts to merge the two approaches by extending the O.B.Mod. approach with social learning theory (Luthans and Thompson, 1987) . This adds the recognition of cognitive processes to the operant processes of O.B.Mod. When this is done, there are no major differences between the two approaches. However, a criticism has been Total quality index that neither approach is suf®ciently speci®c for managers to operationalize (Luthans and Thompson, 1987) . Forker and Mendez (2001) note that the collapse of many quality management programs hinged on breakdowns in execution.
Benchmarking is an effective vehicle for focusing continuous improvement on the basic processes that run an organization (Bhutta and Huq, 1999; Prado, 2001; Simpson and Kondouli, 2000) . It consists of investigating processes and practices that are employed, and establishing metrics for assessing an organization's performance (Camp, 1989) . Furthermore, the benchmarking approach can be adapted to accommodate assessment input from health care professionals, including doctors, and minimize resistance and pushback. The utilization of information technology reduces the time and effort required to participate in the assessment process, enhancing the likelihood of participation of other-directed health care professionals. What are needed are theoretical and methodological structures for the analysis (Bhutta and Huq, 1999; Forker and Mendez, 2001; Kumar et al., 1999) . Saraph et al. (1989) synthesized critical areas of organizational quality management and sets of speci®c requirements for each of the eight critical factors. They have also proposed a questionnaire, presented in the Appendix, that can be used to evaluate actual and ideal quality management with the sets of requirements as operational measures of the critical factors. The questionnaire was developed for evaluating quality management in either manufacturing or service organizations. Empirical tests showed the measures to be both reliable and valid. Subsequent research has supported the content validity of the instrument (Kumar et al., 1999 ). An inherent advantage of the Saraph et al., Benson and Schroeder questionnaire is that it minimizes the time and cost for developing the concepts and operational measures essential for the benchmarking approach to TQM. This research develops and applies an IT-supported benchmarking model that helps managers assess a quality management program by enabling the cost-effective measurement of critical organizational processes. The model utilizes AHP and Delphi to measure both actual and ideal quality management along the eight critical success factors synthesized by Saraph et al. (1989) .
To formulate the algebraic model, assume:
The importance weight of a quality management critical factor (for i = 1; . . .; 8).
f ij The importance weight of an item associated with a quality management critical factor (for i = 1; . . .; 8; and j = 1; . . .; k i ).
R * ij
The ideal rating of an item associated with critical factor (for i = 1; . . .; 8; and j = 1; . . .; k i ).
R t ij
The actual rating of an item associated with a critical factor for a given time period (for i = 1; . . .; 8; j = 1; . . .; k i ; and t = 1; . . .; n).
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TQI*The ideal total quality index.
TQI t The actual total quality index for a given time period.
d t
The gap between the ideal and actual total quality index for a given time period.
K i The number of items within each quality management critical factor.
n The number of time periods where the total quality index is measured.
The objective of the model is to:
where:
and
Both F i and f ij are developed with the analytic hierarchy process (AHP). AHP was introduced by Saaty (1972) to assist DMs in the evaluation of complex judgmental problems. The department managers in this study used AHP to assign numerical values to the eight quality management critical factors (F i ) and the sub-factors ( f ij ) suggested by Saraph et al. (1989) . The process was con®ned to a series of pairwise comparisons. Saaty (1972) argues that a manager naturally ®nds it easier to compare two things than to compare all the items in a list. AHP also evaluates the consistency of the managers and allows for the revision of their responses. Because of the intuitive nature of the process and its power in resolving the complexity in a judgmental problem, AHP has been applied to many diverse decisions. In particular, AHP has been a very popular technique for determining weights in multi-criteria problems (Shim, 1989; Zahedi, 1986) . A comprehensive list of the major applications of AHP, along with a description of the method and its axioms, can be found in the works of Saaty (1972 Saaty ( , 1977a Saaty ( , b, 1980 Saaty ( , 1990 Saaty ( , 1994 Saaty ( , 1999 , Weiss and Rao (1987) and Zahedi (1986).
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There has been some criticism of AHP in the operations research community. In response, Harker and Vargas (1990) show that AHP has an axiomatic foundation, the cardinal measurement of preferences is fully represented by the eigenvector method, and the principles of hierarchical composition and rank reversal are valid. On the other hand, Dyer (1990a) has questioned the theoretical basis underlying AHP and argues that it can lead to preference reversals based on the alternative set being analyzed. Saaty (1990) explains how rank reversal is a positive feature when new reference points are introduced. In this study, the geometric aggregation rule was used to avoid rank reversal, which had varying degrees of importance to different researchers (Dyer, 1990a, b; Harker and Vargas, 1990; Saaty, 1990) .
Assuming manager i believes that c 1 ; c 2 ; . . .; c I are the I factors that contribute to the overall quality management program, the manager's next task is to assess the relative importance of these factors with AHP by comparing each possible pair of factors c j , c k and indicating which factor is more important and by how much.
These judgments are represented by an I 3 I matrix:
If c j is judged to be of equal importance as c k , then a jk = 1: If c j is judged to be more important than c k , then a jk . 1: If c j is judged to be less important than c k , then a jk , 1:
Thus, matrix A is a reciprocal matrix so that the entry a jk is the inverse of the entry a kj . a jk re¯ects the relative importance of c j compared with factor c k . For example, a 12 = 1:50 indicates that c 1 is 1.50 times as important as c 2 .
The vector w representing the relative weights of each of the I factors was found by computing the normalized eigenvector corresponding to the maximum eigenvalue of matrix A. An eigenvalue of A is de®ned as l which satis®es the following matrix equation:
where l is a constant, called the eigenvalue, associated with the given eigenvector w. Saaty has shown that the best estimate of w is the one associated with the maximum eigenvalue (l max ) of the matrix A. Because the sum of the weights should be equal to 1.00, the normalized eigenvector is used. Saaty's algorithm for obtaining this w is incorporated in the software Expert Choice (2000) utilized in this study.
One of the advantages of AHP is that it assesses the consistency of the manager's pairwise comparisons. When the judgments are perfectly consistent, the maximum eigenvalue (l max ) should equal the number of factors that are compared (I). Typically, the responses are not perfectly consistent, and l max is greater than I. The larger the l max , the greater is the degree of inconsistency. Saaty de®nes a consistency index (CI) as (l max 2 I )=(I 2 1) and provides a random index (RI) table for matrices of order 3-10. This RI is based on a simulation of a large number of randomly generated weights (Table I) .
Saaty recommends the calculation of a consistency ratio (CR) that is the ratio of CI to RI for the same order matrix. A CR of 0.10 or less is considered acceptable. Each manager used Expert Choice (2000), an AHP-based software, individually to perform all necessary calculations. When the CR was unacceptable, the manager was informed that the pairwise comparisons were logically inconsistent and was asked to revise his/her Expert Choice judgments. Table II provides a numerical example illustrating the calculation of the components of the measures used in this study. The illustration assumes that there are three critical quality management factors (F 1 , F 2 , and F 3 ); four items ( f 11 , f 12 , f 13 , and f 14 ) associated with F 1 ; three items ( f 21 , f 22 , and f 23 ) associated with F 2 ; and four items (f 31 , f 32 , f 33 , and f 34 ) associated with F 3 . Assume that the decision maker (DM) has assigned the importance weights of 0.50, 0.30, and 0.20 to F 1 , F 2 , and F 3 , respectively, using AHP and Expert Choice. Furthermore, the DM has assigned the following importance weights to the items: 0.40, 0.30, 0.20, and 0.10 to f 11 through f 14 ; 0.60, 0.30, and 0.10 to f 21 through f 23 ; and 0.50, 0.20, 0.20, and 0.10 to f 31 through f 34 using AHP as well. Next, assume for this illustration that the DM used the scale proposed by Saraph et al. (1989) to rate both the ideal quality and the actual quality management of the eight critical factors. Table II shows the calculations of the TQI* for the current period (t = 1):
Numerical example
The TQI* of 5.00 and the TQI 1 of 2.64 in Table II are summary ®gures for all the critical factors and do not specify whether the gap is unacceptably large or acceptably small. The total quality index for each critical factor (TQI i ) gives managers more information about the quality management process in each of the critical areas. For example, health care organizations may experience coordination problems between the quality department, typically an administrative function, and other departments such as the pathology lab or the intensive care units. These departments generally have their own hierarchy within the medical staff and do not report directly to administration. This problem could be identi®ed in the model by a relatively signi®cant gap between the actual TQI t 2 and ideal TQI * 2 for critical factor 2 (the role of the quality department) for a given time period. If the gap is unacceptably large, managers Total quality  index could be prompted either to form some intervention strategies to narrow it or adjust their belief about the ideal rating. If properly assessed, the intervention would center around one or more of the items associated with the critical factor. In the previous example, a manager could identify the source of the problem as a lack of coordination between the quality department and other departments. Strategies could then be developed that address this speci®c item. A manager could also conclude that no problems exist with any item, or any that do exist are not as signi®cant as indicated by the measured gap of the factor. This could lead to a change in how the manager believes TQI * i should be rated. What causes managers either to develop strategies for intervention or to adjust their ideal rating should be examined over time. Movement over time could re¯ect interventions made by managers or changes in their ideal TQI. Further investigation into the managers' responses to the feedback they receive from TQI tables, as well as the environment, could then be undertaken to determine what actually has happened.
The study A study was conducted to investigate the usefulness of the TQI in different health care settings. Four hospitals that are geographically dispersed throughout the state of New Jersey participated in the study for a period of one year. Each hospital was already active in quality management. Top management had stated a commitment to quality management, and departmental managers were familiar with the basic principles and terminology of quality management. Hospitals that were either not involved in quality management or in the beginning stages of involvement would require additional education and were not chosen for this study. In hospital A, the radiology, laboratory, and pharmacy departments participated. The radiology, laboratory, pharmacy, and environmental services departments participated from hospital B. Hospital C included the nuclear medicine, social services, and food and nutrition departments in the study. Finally, in hospital D, the radiology, applied clinical technology, respiratory care, and pharmacy departments participated. In health care, departments are typically categorized as either clinical or non-clinical. Clinical departments are subjected to broad regulations from local and state licensing authorities as well as national accrediting organizations. In addition, clinical departments are typically those with highly skilled medical professionals that provide direct physiological medical care. Non-clinical departments provide care, but in a less invasive manner. The care provided by non-clinical departments is not a part of the core physiological medical care. This research relies on this generally accepted distinction between clinical and non-clinical areas. Table III shows the classi®cation of the participating departments.
The participation of all department members was voluntary. While they were informed about the project and invited to participate by e-mail and inter-of®ce memos, no personal persuasion was permitted. At the ®rst quarter assessment, 83 percent of non-clinical and 79 percent of clinical personnel participated across all four hospital systems. There were no apparent differences among the hospital participation rates. At the end of the second quarter, participation increased to 89 percent of non-clinical and 92 percent of clinical personnel. The participation percentages remained at these levels for the third and fourth quarters. Those not participating were primarily newly hired personnel and older department members who were approaching retirement.
Initially, all department members, staff as well as managers, attended several hands-on training sessions to ensure that everyone thoroughly understood the AHP pairwise comparison and Expert Choice. Then, the members of each department used Expert Choice to assess the importance weight (F i ) for each critical factor and the importance weight ( f ij ) for each item ( j) associated with a critical factor (i). During the training sessions, the participants agreed that they should have an opportunity to review their judgments after receiving anonymous feedback containing the judgments of the others in their own departments. The revision of individual judgments in view of anonymous group feedback is a fundamental principle of the Delphi technique. Delphi was developed at the Rand Corporation to obtain the most reliable consensus of opinion from a group of knowledgeable individuals about an issue not subject to objective solution (Dalkey and Helmer, 1963) . The technique consists of iterative sequences of collecting judgments from a group, anonymous feedback and individuals reconsidering their judgments. In health care, Delphi has been used to identify issues affecting health care (Hudak et al., 1993) , to assess interventions and policies in the mental health industry (Bijl, 1992) and to construct a model for project funding decisions at the National Cancer Institute (Hall et al., 1992) . Next, the managers and staff in each department completed the quality management questionnaire in the Appendix to capture their perceptions of the ideal rating R * ij ± ² and the actual rating R t ij ± ² for each item. Again, the department members had the opportunity to review their assessments after receiving anonymous feedback about the judgments of others in their department. The assessment of the actual state was repeated for four consecutive quarters.
The data were collected from the eight clinical and six non-clinical departments and were used to calculate the difference (d t ) between the actual (TQI t ) and ideal scores (TQI*) using the model and equations (1)-(3). At the end of the study, the average of all d t s for each department was treated as an observation. Assuming that these observations are two independent random samples from two populations with mean and variance m c ; s Table IV shows the ideal and actual means on the eight critical factors for clinical and non-clinical departments. Two different t-tests were performed on the data to test for a difference between the means of the clinical and non-clinical groups. The ®rst assumes equality of error variances while the second allows for the inequality of variances. The results of both tests are shown in Table V. Levine's test for the equality of variances showed that there is a difference between the variances of the clinical and non-clinical groups for factors F1 ( p-level = 0.014) and F2 ( p-level = 0.032). For these factors, t-test 2 was used because the equality of variances could not be assumed. For the other six factors, t-test 1 was used. Except for factor F7, the p-level is above the critical levels for a = 0:05 and 0.10. For F7, quality data and reporting, the p-level is 0.011. For this factor, the difference between the ideal and actual is higher for the clinical departments (0.254) than the non-clinical (0.143). Thus, in all the cases except quality data and reporting, there is no signi®cant difference between the mean scores of the clinical and non-clinical groups [1] .
Conclusion
In hospitals, the perception of clinical superiority has a long history. There is a long history of clinical superiority within hospitals. This is understandable Total quality index because clinical functions are the essence of a hospital's purpose. All other functions are considered ancillary. This is true even though what drives the industry is changing from a medical mission to provide care regardless of cost to an economic perspective to provide care in the most pro®table way. Similarly, the literature makes an overwhelming case for clinical departments performing better in quality management (Anderson and Daigh, 1991; Berwick, 1989; Berwick et al., 1990; Dwyer and Amundson, 1992; Godfrey et al., 1992; Ummel, 1990) . However, in this study, the comparison of the ideal and actual quality assessments reveals no signi®cant difference between the clinical and non-clinical departments on seven of the eight critical factors in the Saraph et al. (1989) instrument. These results suggest the extent to which perceptions can differ from reality. The ®ndings of this study may be attributable to a normalization of the expectations of actual quality management that are then re¯ected in the weights assigned to ideal quality management. These expectations may not differ across clinical and non-clinical departments along the rating scale used. In other words, it is possible that managers in each area adjust their belief of what ideal should be in accordance with what actual is perceived to be. The result is a gap whose size is similar for both clinical and non-clinical areas. Another possibility is that there may be at least a portion of the gap that remains constant. That is, there would be some gap under any circumstances even under the most favorable operating conditions. This could result from either of two staff positions. First, a constant gap could imply that the staff are never wholly content with their quality management environment. There may be some aspect of the environment, such as employee relations, where there may always be tension. This tension can translate into a gap between where the staff would like to be and where they perceive they are at a given point of time. Second, this gap may re¯ect a situation that is not stable over time. There may be shifts in both the belief of what ideal quality management is and staffs' perceptions of how actual quality management is practiced. These possible explanations represent hypotheses for future research.
The statistical analysis shows a difference between the clinical and non-clinical departments on critical factor F7, quality data and reporting. On this factor, clinical departments have a larger gap than the non-clinical. Clinical employees have a tradition of data collection and analysis. This includes physicians and nurses who do research as well as other skilled clinical employees who must maintain records to satisfy licensing agents or regulatory bodies. This ongoing process of data collection and analysis makes clinical departments more acutely aware of weaknesses in actual practice. This result may also re¯ect the absence of a management philosophy that uses the information collected in a way that has a positive impact on the quality of health care provided. In other words, the data cannot be interpreted without a clearly de®ned and understood management policy. For all of the participating hospitals there is an explicit commitment to quality management and its encompassing philosophy. Therefore, it can be inferred that at least for F7, clinical employees either fail to grasp the basic philosophy of quality management or they choose to neglect it for more traditional approaches.
This research indicates that there may be a connection between perceptions and actual quality management. Future research can be done to investigate the in¯uence that perceptions have on actual quality management. In the behavioral sciences, it has been asserted that perceptions can be a powerful determining factor of reality. It would be useful to examine the nature of this in¯uence as well as the degree to which perceptions determine actual quality management. Also, it would be useful to examine the mindset of employees regarding their status within hospitals on a clinical versus non-clinical grouping along with issues of authority and responsibility. The degree to which perceptions have a role in determining this status can be the subject of future research.
In addition to the speci®c results, this study demonstrated that quality programs can be structured in a way that overcomes the frequently observed resistance to externally imposed TQM programs and motivate professionals to participate in the process. The experiences in this study indicate that a voluntary process built on assessment input from health care professionals can achieve the desired outcome of acceptance re¯ected in broad participation. 
